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Abstract. This paper identifies the advantages of the specific approach
to water flow algorithm for multi-skewed handwritten text line segmen-
tation. Original water flow algorithm assumes that hypothetical water
flows, from both left and right sides of the document image frame, face
obstruction from part of character, character, and group of characters
in text lines. The stripes of areas left unwetted on the document image
frame are finally labeled for the extraction of text lines. However, the
method defines parameter water flow angle for flooding which depends
on the text line slopes of each specific document. The estimation of the
appropriate parameter value is difficult and limited as well. The limita-
tion is manifested by possible election of only 4 values for this parameter.
Extended approach has introduced enlargement of the parameter range.
Consequently, decision making and the selection of the small values of
the parameter below the minimum given by the original method shows
improvement in the handwritten text line segmentation process. It is
confirmed by the measurement on different types of letters.

Keywords: Image processing; Document image processing; Text line
segmentation; Handwritten text; Water flow algorithm.

1 Introduction

Text line segmentation of handwritten text is a key element of the optical char-
acter recognition [1]. It implies a labeling process that assign the same label to
spatially aligned units, connected components or characteristic points [1]. Fur-
ther, based on the obtained labels, text is divided into different regions each one
representing text line. After text line segmentation is finished, it provides the
essential information for the consecutive documents image steps such as baseline
detection, skew identification and correction, other text feature extraction and
character recognition.

Related work on text line segmentation can be categorized in few directions
[1,2]: projection based methods, Hough transform methods, grouping methods,
methods for processing overlapping and touching components, stochastic meth-
ods, smearing methods, and others method.

In smearing methods the consecutive black pixels along the horizontal direc-
tion are smeared [3]. Consequently, the white space between black pixels is filled
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with black pixels. It is valid only if their distance is within a predefined thresh-
old. This way, enlarged area of black pixels around text is formed. It is so-called
boundary growing area. Hence, the smeared image encloses text lines.

As mentioned many methods can be employed for text line segmentation, but
smearing algorithms have the benefits. They are efficient and computationally
inexpensive. Algorithm proposed in [4] is classified as smearing method. It as-
sumed a hypothetical flow of water in a particular direction across image frame
in a way that it faces obstruction from the characters of the text lines. As a re-
sult of algorithm, unwetted image frames are extracted. These areas are of major
importance for text line segmentation. In our paper, this algorithm is extended
as well as in [5,6] and further investigated, improved and adapted.

The rest of the paper is organized as follows: Section 2 describes basic wa-
ter flow algorithm and introduces extended approach to water flow algorithm.
Section 3 defines testing process and shows measurement results including com-
parative analysis. Section 4 makes conclusions.

2 Water Flow Algorithm

Document text image is obtained as result of scanning process. It is grayscale
text image described by intensity matrix D(i ,j ) ∈ {0,. . .,255} , where i ∈ {1, M }
and j ∈ {1, N } [7]. After applying intensity segmentation with binarization, it is
converted into binary image X (i ,j ). Hence, where D(i ,j ) ≥ Dth , then X (i ,j ) is
1, elsewhere X (i ,j ) is 0. Consequently, Dth represents the threshold sensitivity
decision value. It is obtained by global [8] or local binarization method [9,10,11].

Basic water flow algorithm [4] assumes hypothetical water flows under few
angles of the document image frame from left to right and vice versa. In this
hypothetically assumed situation, water is flowing across the image frame. Areas
that are not wetted form unwetted ones. The stripes of unwetted areas are labeled
for the extraction of text lines. Further, this hypothetical water flow is expected
to fill up the gaps between text elements in the same text lines. Hence, unwetted
areas left on the image frame lies under the text lines. Once the labeling is
completed, the image is divided into two different types of stripes. First one
contains text lines. The other one contains space between text lines. Furthermore,
water flow angle α, as shown in Fig.1, is introduced as a referent parameter in
[4]. This angle is measured between two lines which intersect each other at the
endpoint of an obstacle. However, it is formed by labeling original document
image using spatial filter mask. These masks for the water flows from left to
right are shown in Fig.1.

Accordingly, algorithm creates unwetted areas under fixed water flow angles
from the set {14◦, 18◦, 26.6◦, 45◦} [4]. Using of the spatial filter masks is defined
by the position of the text black pixels. They represent prospective seed points.
If the pixel represents corner one, then the spatial filter mask will be exploited.
Thus, it activates the algorithm process. As the result, unwetted stripes bounded
text. This circumstance for α = 26.6 ◦ is shown in Fig.2.

In the extended approach, originally extraction of the rectangular bounding
box over the text objects is prerequisite. Further, they represent control areas
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Fig. 1. Spatial filter mask defined by water flow angle: α = 45◦ (left), α = 26.6◦ (middle
left), α = 18◦ (middle right), and α = 14◦ (right)

Fig. 2. Water flow algorithm with water flow angle α = 26.6◦: Initial sample text
containing four I letters (top), unwetted areas made by water flow from left to right
(middle left), unwetted areas made by water flow from right to left (middle right), and
united unwetted areas (bottom).

authorized for the extended water flow algorithm criteria activation. Bounding
box is a rectangular region whose edges are parallel to the coordinate axes. It is
defined by its endpoints: xmin , ymin , xmax , and ymax . Hence, each pixel X (i ,j )
that belongs to the bounding box is given by [12]:

X (i , j ) | (xmin ≤ i ≤ xmax ) ∧ (ymin ≤ j ≤ ymax ). (1)

Inclusion of the point X (i ,j ) in the bounding box is tested by verifying these
four inequalities. If any one of them fails, then the point is not inside [13]. All
text objects like letters, part of words or words are surrounded by bounding
boxes [14]. It should be noted that from this point all actions are referred only
to text in each independent bounding box.

Apart from original algorithm procedure, unwetted areas could be determined
by lines. Each line is defined as:

y = ax + b, (2)

where slope a = tan(α). Two lines defined by angle α make connection in
specific pixel creating closed unwetted area [5,6].
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Modification made on water flow algorithm is in its definition. Consequently,
it forms the water flow function which determines the water flow angle α. Still,
making straight lines from boundary pixel type and connecting each others in
specified point makes unwetted region as well. Currently, modified water flow
algorithm is open to choose different water flow angle from 0◦ to 90◦. In addi-
tion, different decision-making process on boundary text pixels is made. Fig.3
illustrates these circumstances [5,6].

Fig. 3. Pixel type determination: upper boundary pixel (left), lower boundary pixel
(middle), and boundary pixel for additional investigation (right)

Due to pixel type, the slope is -α or +α. However, pixel without complete
location has been additionally investigated. It depends on neighbor area of pixels.
Apart from [5], enlarged window composed of R x S pixels, defined as a basis.
In [6] R = 5 and S = 7 is proposed for complete investigation.

The main achievement of unwetted area is text line segmentation. However,
the problem originates in broken words of text lines. Algorithm should contribute
to join those words by unwetted areas. Those areas can be lengthen by using
smaller angle α. This is represented in Fig.4.

Fig. 4. Extended water flow algorithm involving water flow function y = ax + b defining
and bounding boxes surrounding text (box with dotted lines)

3 Testing, Results and Comparative Analysis

The proposed approach was tested using a group of binary handwritten docu-
ments images. These documents were written in English as well as in Serbian
Latin and Cyrillic letters. The total number of analyzed handwritten text lines
was 220. For the sake of conformity, documents body is the only considered in
the analysis of the line segmentation.

Table 1 presents the number of correctly segmented text lines as well as dif-
ferent types of segmented errors. Errors are divided in 3 groups: split lines error,
joined lines error, and lines including outlier words [15].
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Split lines error represents the text lines which are wrongly divided by al-
gorithm in two or more components [15]. Joined lines error corresponds to the
situation where the sequence of n consecutive lines is considered by the algorithm
as a unique line. In this situation n - 1 line represent the group of the erroneous
[15]. Lines including outlier words correspond to lines containing words that are
incorrectly assigned to two adjacent lines [15].

Table 1. Text lines segmentation results produced by original method with α
= 14◦ [4] and extended method with from the set {8◦, 10◦, 12◦}.

Table 1. Text lines segmentation results produced by original method with α = 14◦

[4] and extended method with α from the set {8◦, 10◦, 12◦}

Water flow angle 14◦ 12◦ 10◦ 8◦

# % # % # % # %

Correctly segmented 88 40.00% 96 43.64% 144 65.45% 180 81.82%

Split lines error 132 60.00% 124 56.36% 76 34.55% 40 18.18%

Joined line error 0 0% 0 0% 0 0% 0 0%

Lines including outlier words 0 0% 0 0% 0 0% 0 0%

Sum 220 100% 220 100% 220 100% 220 100%

One of the representative results from test samples is given in Fig. 5.

Fig. 5. Application of the algorithm to the handwritten sample text: α = 14◦ (left),
and α = 8◦ (right)

From the above results the use of smaller water flow angle contributes to the
better text segmentation results. Especially, water flow angles below 10◦ give
segmentation results improvement. Hence, obtained results confirmed advantage
of the extended over basic approach for the water flow algorithm.

4 Conclusions

In this paper, an extended approach to water flow algorithm for text line segmen-
tation is presented. Water flow algorithm assumes the flow of the hypothetical
water under few specified angles to the image frame from left to right and vice
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versa. Instead of using limited choices of parameter called water flow angle, new
approach introduced approach to freely choose this parameter. Furthermore,
choosing smaller water flow angles contributes to the enlarged unwetted area
which leads to better text line segmentation results. It is upheld by testing with
the group of handwritten documents in Serbian and English language. Hence,
the extended approach of the water flow algorithm confirms better text line
segmentation ability.
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